Forty-seven endogenous polytropic murine viruses (Pmv) were identified by examination of proviral-cellular DNA junction fragment segregation in recombinant inbred (RI) mice. Most Pmv loci were found in more than one of the seven RI progenitor strains analyzed, but only four were present in all strains. Chromosomal assignments for 41 Pmv loci were determined by comparing their RI strain distribution patterns with those of known genetic markers. Pmv loci were found dispersed throughout the genome, with chromosomes 1, 3, 4, 5, 7, 11, 12, 15, and 16 each carrying three or more proviruses. Linkage analysis in the AKXD RI set suggested that the gene encoding mink cell focus-forming virus resistance (Rcmff) of DBA/2J mice is probably not a Pmv provirus. It was also deduced that no single, AKR/J-specific Pmv provirus is required as an env gene donor for thymomagenic mink cell focus-forming viruses. In addition, a Pmv provirus was very closely associated with the albino mutation on chromosome 7.
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Endogenous nonecotropic murine leukemia viruses (MLVs) of inbred mice can be classified as three major families, polytropic, modified polytropic, and xenotropic, on the basis of characteristic structural features of cloned proviruses (26, 33, 34; see Fig. 1A ). Among the criteria used is env gene polymorphism, which thus far appears to parallel the predicted viral host range for representative proviruses (27, 33) . Aside from their potential as natural insertional mutagens in mice (35) , nonecotropic proviruses are important to study because of their role in recombinant mink cell focus-forming (MCF) virus-associated thymomas of AKR, HRS, and several other inbred strains (6, 11, 19, 22) . The backbone of a typical leukemogenic MCF virus is provided by an endogenous ecotropic provirus, of which only a few reside in inbred strains (18) . Furthermore, a single endogenous xenotropic virus (Bxv-J) is the primary long terminal repeat (LTR) donor, at least for MCF viruses arising in AKR mice (14; J. P. Stoye, C. Moroni, and J. M. Coffin, manuscript in preparation). Although the env portion of the MCF viral genome is donated by a provirus encoding a polytropic gp7O, it is not known whether one or several endogenous polytropic proviruses can provide this function.
Here we introduce the term Pmv (polytropic murine virus) to describe endogenous proviruses hybridizing to an oligonucleotide probe specific for the env gene of leukemogenic MCF virus. While Pmv proviruses are quite numerous in inbred mice (-18 per typical inbred strain), many appear to be defective (33; unpublished results). Given this constraint and the fact that the env nucleotide sequence of leukemogenic MCF isolates is well conserved (15, 19, 22, 23) , it is likely that one or only a small number of Pmv proviruses are MCF env donors. Moreover, only one MCF virus resistance gene has been identified, Rmcf (13) ; this gene has been thought to encode an endogenous polytropic gp7O molecule (2, 5, 28) . More thorough genetic characterization and eventual molecular analyses of endogenous Pmv proviruses should clarify their roles in MCF virus-associated leukemia.
Endogenous nonecotropic proviruses have been difficult to identify because of their large numbers and the lack of * Corresponding author. specific probes. A subset was previously mapped, using env probes that did not discriminate nonecotropic subclasses (4, 14, 37) . To identify all nonecotropic proviruses in common inbred strains, we employed oligonucleotide hybridization probes that distinguish proviral subclasses on Southern blots (34) . Segregation of individual loci was analyzed by using recombinant inbred (RI) mice. We recently described 40 endogenous xenotropic murine virus (Xmv) loci of inbred mice by using RI strains and mapped most of these proviruses to chromosomes (9) . Each RI strain contains a unique, presumably random mixture of the genomes of two inbred progenitor strains, so that polymorphic genetic markers have characteristic strain distribution patterns (SDPs) in a set of RI strains (1, 36) . Since inbred mice differ in their MLV content (34) DNA preparation, electrophoresis, and Southern blotting. All DNA analyses were done as previously described (9) .
Oligonucleotide hybridizations. Preparation and 5' end labeling of oligonucleotide probe JS-5 with 32P, as well as genomic blot hybridizations, have been described previously (9, 35) .
Linkage analysis in RI strains. SDPs of proviral-cellular DNA junction fragments segregating in RI strains were compared with those of known markers. Values for the estimated recombination frequency (r) were calculated by the formula: r=[RI(4-6R)], where R equals the number of discordant strains divided by the number of total strains. Standard error (SE) of r was calculated by using the formula: SE = [r(1+2r)(1+6r)214n"1/2, where n equals the total number of strains analyzed; SE values of r were not shown in Table 2 because all were significant at P < 0.01. Upper and lower 95% confidence limits for r as well as confidence for proof of linkage, were calculated by the methods of Silver (31) and Silver and Buckler (32) , respectively.
RESULTS
The Pmv-specific oligonucleotide probe JS-5 was synthesized in order to distinguish endogenous polytropic proviruses from modified polytropic (Mpmv) and xenotropic (Xmv) proviral subclasses on Southern blots (34, 35) (Fig. 1) . JS-5 also hybridizes to leukemogenic class I MCF viruses, which contain a Pmv-like env gene (33) but are not endogenous to inbred mice. Because the EcoRI and PvuII restriction sites in the 3' end of the polytropic genome are unique and well conserved (33), JS-5 reacts primarily with 3' proviral-cellular DNA junction fragments when hybridized to EcoRI-or PvuII-digested DNA (Fig. 1) .
Segregation of Pmv proviruses in RI strains. The molecular sizes of Pmv junction fragments vary among inbred strains that are progenitors of RI mice (34) (Fig. 2) . We studied this observation further by examining proviral junction fragment segregation in several RI sets. SDPs of segregating Pmi' junction fragments were obtained and matched to each other so that each locus was defined by both EcoRI and PvuII junction fragments. Pmv loci were numbered as PvuII junction fragments on the basis of descending molecular size in the strains C57BL/6J, AKR/J, C3H/HeJ, DBA/2J, C57L/J, and A/J (Fig. 2) . Strain BALB/cJ had no unique Pmv proviruses relative to the other inbred strains described in this report.
Pmv junction fragment segregation in RI strains is illustrated by the set of 12 BXH strains in Fig. 3 . The Pmv content of the C57BL/6J and C3H/HeJ progenitor strains comprises 30 independent loci. Nine PvuII junction fragments were shared between C57BL/6J and C3H/HeJ and did not segregate in this RI cross (Fig. 3A, column I ). Most proviruses clearly segregated in the PvuII digest (column II). Seven PvuII fragment SDPs could be obtained directly and confirmed by EcoRI fragment SDPs (Fig. 3B) , and seven more could be confirmed by subtracting a corresponding EcoRI fragment SDP from that of another locus. This was done by comparing double-versus single-intensity fragments, which was usually obvious when only two loci were involved (Fig. 3) Pmv loci. A total of 47 Pmv loci was identified in the seven progenitor strains (PvuII junction fragments are shown in Fig. 2 ). Of these, 15 proviruses were unique to a given progenitor strain (Pmv-5, Pmv-12, Pmv-16, and Pmv-18 in C57BL/6J; Pmv-28 and Pmv-34 in AKR/J; Pmv-38, Pmv-39, Pmv40, Pmv41, and Pmv42 in DBA/2J; Pmv44 in C57L/J; Pmv46, Pmv47, and Pmv-56 in A/J), and the remaining 32 were present in at least one other progenitor. Pmv-8, Pmv-10, Pmv-13, and Pmv-20 were present in every progenitor strain. When PvuII, EcoRI, and additional junction fragments from 25 other inbred strains were examined, it was found that many of the 15 Pmv loci unique to an RI progenitor strain appeared to be present in at least one other inbred strain (unpublished results). Since some of these strains contained additional Pmv junction fragments and also served as progenitors for RI strains (e.g., NZB/BINJ, C58/J, 129/J, SM/J), 20 additional Pmv loci can be defined similarly in future experiments.
Linkage analyses. SDPs for all Pmv loci segregating in the RI strains (listed in Table 1 ) were compared with those of both published and unpublished loci previously typed. There were 13 Pmv loci which had SDPs with identity or near identity to those of known loci, and in all, 41 loci were assigned to chromosomes on the basis of SDP analysis. These assignments are presented in Table 2 , as are values for estimated recombination frequency, r, with lower and upper limits calculated at the 95% confidence level (31); all assignments were based on one or more linkages which met the conditions for linkage specified by Silver and Buckler (32) .
Sex-linked Pmvs. Pmv-1 and Pmv-6 were present at half intensity in males compared with females and were therefore assigned to the X chromosomes of their respective strains. Notably, Pmv-J was present in many other inbred strains examined (data not shown). The X chromosome assignment for Pmv-6 is supported by the concordance between Pmv-6 and Cf-8 in RI strains ( 
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The segregation of Pmv-25 was compared with the predominance (70% or greater) of T-cell (T), B-cell (B), and myeloid (M) lymphomas in AKXD mice.
(Leukemogenicity data for AKXD strains 3. 6. 7, 9. 13, 14. 15, 17, 18, 22, 23 , and 27 were published previously [23, 24] : data for additional strains were obtained by personal communication from N. Copeland and N. Jenkins. Rmcf data was taken from reference 13). Rmnf' strains were separated from Rmcfr strains for these analyses. The presence (+) and absence (-) of Pmv-25 are indicated. (9, 34) . Nonecotropic MLV proviruses were fixed recently in evolution compared with murine VL30 and GLN retroviruslike elements, since MLV-related sequences are found in only a subset of the Mlis genus, whereas the latter families are found in other rodents (16, 17, 20 The study of endogenous polytropic viruses was prompted by their relationship to MCF viruses, which arise in certain inbred mice that are highly susceptible to spontaneous thymomas (11, 12) . The AKXD RI set was used previously by others to examine genetic components of leukemia susceptibility in AKR/J and DBA/2J progenitors, which are high-and low-susceptibility strains, respectively (13, 23, 24 (Table 3) , and it is possible that Pmv-25 is a preferred env donor but that another provirus can complement it. However, it should be noted that although Pmv-25 was present in the thymoma-prone HRS/J strain, it was absent from C58/J, indicating that its presence in other strains that are susceptible to leukemia is not necessary (unpublished results). The apparent association of Pmv-25 with thymomas in the AKXD set might alternatively be due to a closely linked gene. In this respect, it is intriguing that Pmv-25 is located near Fv-1 (by virtue of close linkage to Gpd-J on chromosome 4; Table 2 ). Although both DBA/2J and AKR/J strains carry the ecotropic virus-permissive Fv-J allele, it is conceivable that Fv-1 encodes an additional polymorphic function that plays a role in the progression of leukemia.
In our search for associations of nonecotropic proviruses with mouse mutations (9, 35), we previously found nonecotropic proviruses that were closely linked to mutations. Although some of these associations do not necessarily reflect causality, it was proven that the insertion of a polytropic provirus (now known as Pmv43) caused the hr mutation (35) . Albino (c) is perhaps the most common and oldest mouse mutation known, given its history and wide distribution among inbred strains. Our analyses revealed perfect concordance of Pmv-31 with the c mutation carried by BALB/cJ, AKR/J, A/J, SWR/J, PL/J, and SJL/J mice in a total of 98 RI strains (Table 2) . By these criteria, Pmv-31 is less than 1 centimorgan from c ( (29) .
